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Introduction
Colorectal cancer (CRC) is one of the most common malignances and the third leading cause of cancer-related death in the world, with an estimated incidence of 1 million new cases and a mortality of >600,000 deaths annually [1] [2] . Recent progress in diagnosis and therapy has helped to save the lives of many patients at early stages of this malignancy, but the prognosis for patients with advanced disease or metastasis is still very poor. Therefore, further investigation into the molecular pathogenesis of CRC and the consequential development of novel targeted therapeutics are needed.
A series of studies have revealed that microRNAs (miRNAs) can regulate the expression of a variety of genes pivotal for tumor development and highlight a novel mechanism participating in CRC pathogenesis [3] [4] [5] . MicroRNAs (miRNAs) are non-protein-coding small RNAs of approximately 19-25 nucleotides (nt) in length that are cleaved from 70 to 100 nt-long hairpin pre-miRNA precursors by the enzyme Drosha [6, 7] . MiRNAs bind to complementary sequences in the 3'-untranslated regions of their target mRNAs and induce mRNA degradation or translational repression [8] . Recent evidence has shown that abnormal expression levels of miRNAs are associated with a variety of human cancers, and that they play crucial roles in cell proliferation, differentiation and apoptosis [9] [10] [11] . Volinia et al. studied the miRNA expression pattern in solid cancers (2,532 samples, 31 cancer types, 120 miRNAs including miR-124), and they found that miR-124 was low expressed in many solid cancers [12] . In some present study, the researchers found that the expression of miR-124 was decreased and acted as a tumor suppressor in many cancers [13] [14] . A subset of miRNAs was found to be aberrantly expressed in CRC, and most of the miRNAs are related to cell proliferation, apoptosis and tumor metastasis [12] . Xi et al. demonstrated that miR-124 inhibited proliferation and induced apoptosis by targeting ROCK1 in CRC and the expression of miR-124 was associated with CRC metastasis [15] . Therefore, identification and characterization of miR-124 in CRC may provide new insight into understanding the molecular mechanisms of disease development and is therefore crucial for the development of new therapy.
ROCK1 is a member of the Rho-associated serine/ threonine kinase family, which facilitates the reorganization of the actin cytoskeleton during motion [16] . ROCK1 has been found to be increased in many cancers, including glioma, osteosarcoma, prostate cancer, and GC [14, 17] . ROCK1 functioned as an oncogene, and possessed a wide range of functions, including migration, invasion, and metastasis [18] . ROCK1 was targeted by several miRNAs, including miR-135a, miR-145, and miR-148a [13, 18, 19] . In the present study, Hu et al. found that ROCK1 was a direct target of miR-124 in GC cells. Silencing of ROCK1 by shRNA inhibited proliferation, migration, and invasion of GC cell line (SGC-7901) [20] . Furthermore, restoration of ROCK1 may significantly reverse the tumor suppressive role of miR-124 [20] . Xi et al. demonstrated that ROCK1 was high expression in CRC and negatively regulated by miR-124 [15] .
However, only little is known regarding the underlying mechanisms through which miR-124 regulates ROCK1 expression in CRC. Therefore, the objectives of this study were to investigate the roles and interactions between ROCK1 and miR-21 in CRC, and the effects of knockdown of ROCK1 and MiR-124 and function in Colorectal Cancer. Zhou 
Materials and Methods

Cell Culture
Three Colon cancer cell lines (HCT116, HT29 and SW620) and one Human Colonic Mucosa Epithelial cell line (NCM460) were obtained from Xiehe Cell Bank of the Chinese Academy of Medical Sciences (Beijing, China) as a commercial source. HCT116 and HT29 were cultured in McCoy's 5A medium (Invitrogen; Life Technologies, Carlsbad, CA, USA), and SW620 was cultured in RPMI 1640 containing 10% fetal bovine serum (Sigma-Aldrich, St. Louis, MO, USA). All the cells were cultured in a humidified 37°C incubator supplemented with 5% CO2.The study was approved by the Ethics Committee of Henan University of Science and Technology (A140066).
Western blot
Total proteins were extracted from tissues using a total protein extraction kit (Keygen, Nanjing, China) according to the manufacturer's recommendations. The concentrations of total proteins were measured using a BCA Protein Assay Kit (Keygen). A total of 80 μg protein was separated using SDS-PAGE and transferred onto PVDF membranes; the membranes were then blocked in 5% fat-free milk at room temperature for 2 h. After incubation with rabbit or goat primary antibodies against ROCK1 (Abcamab80590, Cambridge, UK) at a dilution of 1:10,000 or GAPDH (Santa Cruz Biotechnology, Santa Cruz, CA) at a dilution of 1:200 at 4°C overnight, the membranes were probed with goat anti-rabbit or mouse anti-goat secondary antibodies at a dilution of 1:5,000 at room temperature for 2 h. The signals were detected using a Super ECL plus Kit (Keygen) determined by quantitative analysis using UVP software. The ratio of IOD ROCK1/IODGAPDH indicated the relative expression of ROCK1 protein.
Total RNA isolation and cDNA synthesis TRIzol reagent (CWbio. Co. Ltd., Beijing, China) was used to isolate total RNA from the snap frozen tissues. The isolated RNA was treated with DNase I (Invitrogen). The RNA concentration and purity were determined using a NanoDrop ® ND-1000 (Nanodrop Products, Wilmington, DE). The ratio of 28S/18S was analyzed by GlykoBandscan 5.0. RNA quality and quantity were determined spectrophotometrically at 260 and 280 nm, respectively. Reverse transcription of RNA was performed using the NCodemiRNA First-Strand cDNA Synthesis Kit (Invitrogen, Cat#: MIRC-50).
Quantitative real time PCR (qRT-PCR)
qRT-PCR was performed usingthe Light Cycler 2.0 Real-Time PCR System (Roche Germany) in a total volume of 20μL in glass capillaries containing 2 μL of cDNA, 0.8 μL of each primer, and 10 μL of Light Cycler TaqMan Master Mix (Invitrogen, Cat#:MIRC-50). The PCR reaction for the miR-124 gene was initiated using a 10 min denaturation step at 95°C followed by termination with a 30 s cooling step at 40°C. The cycling protocol consisted of denaturation at 95°C for 15 s and annealing at 60°C for 60 s; 40 cycles. Fluorescence detection was performed at the end of each extension step. The PCR reaction for the ROCK1gene was initiated with a 10-min denaturation at 95°C. Amplification was carried out for 40 cycles of 15 s at 95°C and60 s at 60°C. An additional extension step of 5 min at 72°C was added following the completion of 40 cycles. All PCR reactions were performed in duplicate. The PCR products were confirmed by melting curve analysis. We used the mathematical delta-delta method (ratio=2 RNAi assay SW620 cells were incubated in a six-well tissue culture dish without antibiotics for 24 h prior to transfection, when they had reached 60 -80% confluence. Negative control (NC) siRNA, specific miR-124 inhibitor and mimic siRNA transfection reagent complexes were mixed with Lipofectamine2000 (Invitrogen) according to the manufacturer's recommendations and then added to the cells. After 6h at 37°C, the medium was changed and the cells were cultured in RPMI 1640 supplemented with 10% heatinactivated fetal bovine serum for various times. Silencing of miRNA124 and ROCK1 was determined by qRT-PCR and Western blot.
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5-ethynyl-2′ deoxyuridine (EdU) proliferation assay
Transfected SW620 cells were plated in 24-well plates at 4 × 10 4 cells/well, allowed to adhere, washed with PBS, and incubated in serum free RPMI containing 10 μmol/L 5-ethynyl-2' deoxyuridine(Guangzhou RiboBio Co., Ltd, Guangzhou, China) for 2 h. The cells were then washed with PBS, fixed, and permeabilized in PBS containing 2% formaldehyde, 0.5% Triton X100, and 300 mmol/L sucrose for 15 min. After washing with PBS, cells were blocked using 10% FBS in PBS for 30 min, and incorporated EDU was detected by incubation with a fluorescent azide coupling solution (Apollo; Guangzhou RiboBio Co. Ltd) for 30 min. The cells were washed three times with PBS containing 0.05% Tween20 (PBST), incubated with the DNA staining dye Hoechst 33342 for 30 min, and washed in PBS. Images were captured using a fluorescent microscope, and the average nuclear fluorescent intensity was calculated from at least 50 non-S phase cells randomly selected in five different fields of view.
Soft agar colony formation assay
A bottom layer (0.6% low-melt agarose) was prepared with RPMI 1640medium containing 10% fetal bovine serum, 100 U/mL penicillin, and 100 mg/mL streptomycin. A top layer (0.3% low-melt agarose) was prepared with the same RPMI 1640 medium as described above plus 5000 of the indicated cells. Plates were incubated at 37.8°C in 5%CO 2 in a humidified incubator for approximately 2 weeks. The plates were then scanned and photographed, and the number of colonies was quantified using Quantity one v.4.0.3 software (Bio-Rad, Hercules, CA).
Migration and invasion assays
Cell migration and invasion assays were performed using transwell chamber. For migration, 2 × 10 4 transfected cells in serum-free medium were plated into the top chamber (BD, Bedford, MA, USA). For invasion, the same density of cells was seeded into the top chamber, which was pre-coated with Matrigel (BD, Bedford, MA, USA). After incubation for 24 h, the membranes were fixed, stained with 0.1% crystal violet. Cells passing through the membranes were counted under microscope (Olympus, Tokyo, Japan).
Statistical analysis SPSS 13.0 software was employed for the analyses of all data. Each assay was performed a minimum of three times. The data were expressed as the mean ± S.D. and the Student's t-test and one-way analysis of variance were used to determine the significance of the difference in multiple comparisons. The MannWhitney U test was used to determine the associations of miR-124 expression and Colorectal Cancer clinicopathological features. An asterisk represents a P value < 0.05, a value which indicated a statistically significant result.
Result
Expression of MiR-124 and ROCK1 in Colorectal cancer cell lines
We next determined the expression levels of miR-124 and ROCK1 (mRNA and protein) in Three Colorectal cancer cell lines (HCT116, HT29 and SW620) and one normal Colorectal cell line (NCM460) (Fig. 1) . In Colorectal cancer cell lines with low endogenous miR-124 according to qRT-PCR analysis (P < 0.05) (Fig. 1C) , a high level of ROCK1 protein was observed (P < 0.05) (Fig. 1A and B) by western blot analysis, whereas the normal cell line (NCM460) with high levels of miR-124 demonstrated low levels of ROCK1 protein. For ROCK1 mRNA, however, there was no significant difference (P > 0.05) (Fig. 1D) .
MiR-124 downregulates ROCK1 in cultured SW620 cell
We determined whether transfection of SW620 cells with miR-124mimic or miR124inhibitor affects ROCK1expression. In SW620 cell characterized by low miR-124 expression, down-regulation of endogenous miR-124 with miR-124inhibitor (Fig. 2) led to a significant increase in ROCK1 protein levels compared to the control according to westernblot results (P < 0.05) ( Fig. 2A and B) . In contrast, there was a significant decrease in ROCK1 protein levels in miR- 
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124 mimic-transfected cells (P < 0.05) ( Fig. 2A and B) . ROCK1 mRNA showed the same trend in miR-124-transfected cells (P > 0.05) (Fig. 3D) .
Knockdown of miR-124 gene induce cell proliferation
We determined the effect of knockdown of miR-124 genes on cell viability and proliferative ability using an EDU assay (Fig. 3) . To confirm the increased number of SW620 cells following treatment with miR-124inhibitor and negative control siRNA, cells were labeled with EDU to measure active DNA synthesis (red) and Hoechst 33342 to show all cell nuclei (blue) (Fig. 3A) . According to the results of fluorescent microscopic analysis, the mean percentage of new cells that incorporated EDU was 27.1% in the negative control siRNA group, 39.8% in miR-124inhibitor transfected cells(P < 0.05) (Fig. 3A and B) . Furthermore, we observed that the proliferative ability of SW620 cells transfected with miR-124inhibitor decreased with increasing concentrations of miR-124inhibitor over the range from 80 nmol/μL to 120 nmol/μL with a time of transfection from 24 h to 48 h (P < 0.05).
Knockdown of miR-124 gene induce metastasis, invasion and clonogenic survival of CRC cells
To study the role of miR-124 in the regulation of growth and invasion of CRC cells, a colony formation assay was performed to further evaluate whether miR-124 knockdown synergistically Proliferative ability data for SW620 cells transfected with negative control siRNA(NC) and ROCK1siRNA Y-axis,the cell number of EDU staining as ratios to the cell number of nuclei staining. P-values were obtained by Student's unpaired t test P < 0.05. *P < 0.05. Zhou 
The results of Migration and invasion assays showed that down-expression of miR-124 remarkably increased the proliferation of SW620 cells P < 0.05 ( Fig. 4C and D) .
Silencing of ROCK1 inhibited tumor cell growth, invasion and clonogenic survival in CRC
We investigated whether silencing of ROCK1 resulted in effects on CRC cell proliferation. ROCK1 siRNA and the control were transfected into SW620 cells. To confirm the new increased number of SW620 cells transfected with ROCK1 siRNA and the control, the cells also were labeled with EDU to measure active DNA synthesis (red) and Hoechst 33342 to show all cell nuclei (blue) (Fig. 5A) . We found that silencing of ROCK1 significantly inhibited cell proliferation, similar to the effects of miR-124 overexpression. According to the results of fluorescent microscopic analysis, the mean percentage of new cells which incorporated EDU was 28.6% in the negative control siRNA group and 11.3% in ROCK1 siRNA transfected cells (P < 0.05) (Fig. 5B) .
A colony formation assay was performed to determine whether ROCK1 knockdown synergistically inhibited SW620 cell transformation ability (Fig. 6C) . The colony formation assay demonstrated that the total nu6r of colonies generated by ROCK1 siRNA-treated cells was less compared to control-treated cells (NC) (P < 0.05) (Fig. 6D) . Furthermore, the results of migration and invasion assays showed that silencing of ROCK1 markedly reduced both the migration and invasion of SW620 cells compared to the control group (P < 0.05) (Fig. 6A and B) .
Discussion
Although many miRNAs had been aberrantly altered in CRC, their underlying molecular mechanisms in CRC development and progression still remain poorly understood [21] . Thus exploring the function of miRNAs specifically involved in CRC development and progression would greatly help expand our knowledge on CRC, and provide new targets for its diagnosis and therapy. Investigation of these miRNAs would expand our view to better understand carcinogenesis by analyzing mRNA target associated and miRNA-mediated pathways in CRC. Zhang et al. demonstrated a tumor suppressive role of miR-140-5p in CRC tumorigenesis and [24] . In some study, the expression of miR-124 was detected decreasing in many cancers, and acted as a tumor suppressor. Study by Fowler et al. has reported that transfection of commercialized miR-124 precursor in GBM cell A172 resulted in diminished cell migration and invasion [25] . Xia et al. reported the enhanced miR-124 expression significantly inhibited glioma cell invasion using matrigel invasion assay and tumor xenografts in nude mice [26] . In Gastric Cancer, Xie et al. reported that miR-124 inhibited proliferation and induced apoptosis by targeting enhancer of zeste homolog 2 (EZH2) [27] . Xia J et al. found that miR-124 suppressed the proliferation of gastric Cancer cell via targeting sphingosine kinase type 1 (SphK1) [28] . Xi et al. demonstrated that miR-124 inhibited proliferation by targeting ROCK1 in CRC cell line (HCT116, HT29) and the expression of miR-124 was associated with CRC metastasis [15] . In our study, we investigated the inverse correlation between miR-124 and ROCK1 protein was also observed in another CRC cell line SW620. We found that miR-124 expression was significantly downregulated in CRC cell line once again. In contrast, ROCK1 protein expression was significantly decreased, whereas ROCK1 mRNA expression showing results consistent. Furthermore, in miR-124mimic-transfected SW620 cell, we observed a significant reduction in ROCK1 protein levels and mRNA, but a significant increase in miR-124inhibitor-transfectedcell. The results suggest that miR-124 may post-transcriptionally and negatively regulate ROCK1 by repressing translation in CRC once again. Since other studies in different cell types have shown that ROCK1 is a target of miR-124, we confirmed that ROCK1 is the target gene of miR-124 in another CRC cell line. Furthermore, as the effect in other cell lines, the SW620 cell transfected with miR-124 inhibitor showed increased cell proliferation and transformation capacity, according to EdU and soft agar formation assays.
A variety of targets have been found to be regulated by miR-124, including proliferationrelated genes [28] [29] [30] [31] , invasion/metastasis-related genes [32] [33] [34] and so on. ROCKs have been shown to be a central player in the formation of stress fibers via phosphorylation of myosin light chain [35] [36] [37] . The ROCK2 transcript is highly expressed in muscle and brain tissues, whereas the ROCK1 is localized in nonnerves tissues [37] . RhoA/ROCK pathway has been shown to play an important role in neurite growth inhibition from CSPG after CNS injury [38] . Several preclinical and clinical studies have utilized inhibitors of Rho/ROCK signaling pathway for anticancer therapeutics in prostate, lung, melanoma, and many other tumor types with remarkable success [39] [40] [41] . Liu et al. found that Dex suppressed neutrophil release through ROCK1-independent mechanisms and inhibited the adhesion of U937 mononuclear cells through ROCK1-dependent non-genomic mechanisms that did not involve RhoA [42] . Hu et al. found that silencing of ROCK1 by shRNA inhibited proliferation, migration, and invasion of GC cell line [20] . Restoration of ROCK1 may significantly reverse the tumor suppressive role of miR-124 [13] . In our study, we determined whether silencing of ROCK1 had similar effects on miR-124 overexpression. ROCK1 shRNA was transfected into SW620 cells, and PDCD4 mRNA and protein levels were significantly decreased. The silencing of ROCK1 significantly inhibited cell proliferation, migration and invasion, similar to the effects of miR-124 overexpression.
In conclusion, our present study suggests that miR-124 and ROCK1 may play an important role not only in tumor growth, but also in tumor metastasis and invasion. This, together with our correlative results in previous clinical studies on miR-124 and ROCK1, suggests that rescue strategies against miR-124 or strategies interfering with the miR-124/ROCK1 interaction, or inhibit ROCK1 expression, will provide a strong rationale for therapeutic applications in CRC in the future.
